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INTRODUCING NEW BUILDING TECHNOLOGIES: LESSONS FROM A CASE 
STUDY 
Robert Fuller and Ma"k Luther, Deakin University 
ABSTRACT 
Hypocaust systems, where conditioned or non-conditioned all is passed through ducts within the concrete floor 
or ceiling of a building prior to its delivery to the rooms, are starting to appear in new buildings in Australia. 
Tbis paper describes the lessons that can be learned from the early experiences with a hypocaust system, 
installed in a new,building in Melbourne. It concludes that a more cooperative process between all those 
involved in introducing and using a new 'technology' is essential if the problems described are to be avoided or at 
least minimized." 
,> 
Kevwords: hypocaust, innovation, process, cooperation, 
INTRODUCTION 
We are living in the era of significant change with respect to the type of building now being planned, designed 
and erected. Driven by environmental concerns, particuiarly the need to reduce greenhouse gas entissions, many 
of our new buildings are now being described as 'low energy', 'sustainable', 'green' and even 'deep green'. At tills 
stage, the impetus for tills change has come from clients, who for a variety of reasons are responding to increased 
levels of environmental awareness, but increasingly the driving force will be legislation. 
The development of new materials and technologies - the 'hardware' - becomes available as demand grows and 
manufacturers usually adapt to marketplace changes. The 'software', however, wbich includes the lroowledge 
required to operate innovative 'systems', new design and commissioning processes, and cooperative working 
between the parties involved tends to lag bebind hardware development. Tills means that problems, failures and 
less-than-optimnm outcomes due to lack of experience and cooperation between the maiu players are possible. 
Tills paper describes some of the pitfallS that can be encountered in the process of introducing a new technology 
into a co=ercial building. It uses a case study to bighUght potential problem areas. Some suggestions for 
avoiding these problems are made. It should be emphasized that tills is not an exercise in fmger pointing or 
blaming. Most professions are more comfortable reporting success stories, rather than problems encountered, at 
least in published documents. Tills is an uufortunate reflection of our vuluerability and underntiues the process of 
disseminating new lroowledge, which comes from a reflection on difficulties, problems and difference. It is in 
that spirit that tills paper is written. 
BUILDING DESCRIPTION 
The co=ercial building in question is a three-storey multi-purpose structure on the Burwood Campus of 
Deakin University (Figure 1). Known as Bnilding T, it incorporates a number oflow-energy features, designed 
to provide acceptable levels of thermal comfort, while at the same time significantly reducing the demand for 
energy. The concepts bebind the building and the simulation process undertaken to assist in the choice of 
materials and systems have been described elsewhere (Luther and Fuller 2000, Fuller and Luther 2002). 
Figure 1: Bnilding T on the Burwood Campus of Deakin University 
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One of the innovative features of the building is its hypocaust. In this system, ventilation air for the offices is 
forced through the hollow cores of the concrete ceiling/iloors at each leveL In this way, the thermal properties 
and behaviour of the building element are used more effectively than in a conventional building, One of the most 
important effects of a hypocaust system is its ability to reduce short-term peak demands for cooling, thus 
offering the potential to reduce equipment size and capital costs, It has been found that the heating, ventilating 
and air conditiouing (BY AC) capacity can normally be halved in the moderate temperate UK climate for 
buildings with a hypocaust. The hypocaust system in Building T has already received some pUblicity because it 
is one of the first applications of this concept in Australia (Auon 2002a and 2000b), The arrangement of the 
hypocaust in Building T is shown schematically in Figure 2, 
Figure 2: Schematic representation of the hypocaust in Building T 
PLAYERS IN THE PROCESS 
From concept to occupancy, there is a myriad of players in the process of achieving a 'successful' building, 
Winch and Carr (2001) list the 'principal actor groupings', a modified version of which is shown in Table L 
Interestingly, these authors do not cite the user as a significant player in the process, In the era of low energy 
buildings, where adaptative responses by the occupants are often required, the user will play an important, if not 
crucial, role to make the building 'work', Likewise, Winch and Carr (200]) appeared not to believe that 
acaderuics or researchers were an important player in the modern construction process, At a time when 
innovative and novel ideas are more likely to appear in the new era of buildings, this grouping should playa 
siguificant role, 
Table 1: Principal actor groupings in construction projects 
(' added to Table 1 from Winch and Carr 2001) 
Grouping Typical Members 
Client Building owner 
Acaderuics . Researchers 
Consultants Architects, engineers, prinCipal quantity surveyors 
RegulatDlY Building control; development control authorities 
Contractor Priocipal contractor 
Trade Contractor Trade contractors 
Users Occupants ~ various 
Haviog identified the priocipal actor groupings likely to be iovolved in any construction project, the research 
methodology adopted in this case study was to examine the contribution of each grouping with respect to the 
design, introduction and use of the hypocaust system. Their contributions, however, do not take place in isolation 
from each other and should be linked by an effective process, which is initially briefly discussed below, 
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-THE PROCESS 
Reports of successful low energy buildings stress the importance of using a whole-building integrated approach 
resulting from "conscious choices and unusual collaboration among ... staff, the owners, the engineers, ... 
architects and ... consultants" (Miller 1999). A report on the well-publicised British Research Establishment 
building in the UK speaks of "visible" and "invisible" innovation. While co-incidentally one of the visible 
components of this building also happens to be a hypocaus~ it -is the invisible innovation of "up fTOnt investment 
in teamwork and collaboration, which mark it as an experimental building" (Cook 1998). 
The importance of the integrated design process (lDP) in sustainable building design has been recognized 
internationally and guidelines are now available (lEA 2002). According to these, one of the key features of the 
lDP is "inter-disc;iplinary work between architects, engineers, costing specialists, operations people and others 
right from the beginning of the process". In contrast, at least from the authors' perspective, the process followed 
in Building !"has been somewhat traditional and linear, rather than iterative and consultative. 
" ACADEMICS AND PRACTITIONERS 
The old idea that academics are the source of new knowledge, which is disseminated down to industry, is under 
revision. Gann (200 I) contrasts the traditional mode of knowledge production with an emerging mode of 'new 
knowledge' generation. In this, uuiversities are increasingly undertakillg consultancy work, while industry has 
become more involved in research and train-ing. In this projec~ this latter mode was very much in evidence. The 
Built Environment Research Group acted as paid consultants to Buildings and Grounds to provide general 
conceptual advice in the design stage as well as the thermal and lighting simulation results for the proposed 
building. To all intents and purposes, the official involvement of the 'researchers' ceased at the completion of this 
phase of the work. This is not a desirable or effective process because a 'checking' procedure in the step from 
concept and simulation to real-ity is no longer available to the project. 
Despite the pressures in today's uuiversities, academics probably still have more time to follow up innovative 
ideas, have greater a.ccess to published work and because of their chosen career path, should have a greater 
curiosity to understa\:J.d the intricacies of new technologies. However, academics are certainly not always as 
knowledgeable about new technologies as they may sound. In this projec~ for example, the knowledge of how 
best to control the hypocaust was certainly not adequate at the time of the simulation part of the design process. 
SIMULATION VERSUS REALITY 
Balcomb (1999) makes the point that "building simulation shouJ.d not stop with the completion of the design 
process. The tool that provides insight during design can continue to be useful during commissioning, operation 
and renovatiou". Unfortunately, this did not occur in this project. In addition, some important design decisious 
made at the time of modeling were not implemented in practice, undermining the value of the simulation results 
and increasing the perception that the simulations were of secoudary importance. 
For example, in the original design brief, the partitions used to create individual offices in each 'pod' were uot to 
be built to ceiling height. Instead, 'three quarter' partitions were to be used to allow good mixing of the air within 
the 'pod'. Due apparently to concerns from staff about privacy, this has not occurred and small totally enclosed 
offices have been created with full-height solid partitions. This change from the original specification could 
significantly change the thermal environment within each space. Experimental measurements taken in one 'pod' 
over last sununer show that the air temperature in the open and larger space is cooler than that in the adjacent 
three small offices. 
HARDWARE AND SOFTWARE 
Some of the less obvious aspects of 'software' have already been described in the introduction to this paper. More 
obvious and expected 'software' are operating and installation instructious, which should accompany the 
purchase of any 'hardware'. This is clearly the responsibility of the manufacturer of the technology. In this 
projec~ despite (and assuming some) links between the local Austral-ian and European manufacturer', the 
information flow appears to have been less than satisfactory. For example, no advice was offered during the 
simulation process of how best to control the system. It has also been interesting to read that some years ago in 
the UK, the manufacturer's reco=endations was that air should not flow through the concrete panels on the 
outer edges of a cluster of panels (Willis and Wilkins 1993). The most probable cause for this less-than-optimum 
transfer of knowledge is the lack of the local manufacturer's familiarity in using their product as a hypocaust. 
Tills shortcoming will hopefully disappear as local experience grows. 
6 The same trademark name is used in some advertising. 
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In this particular project, an additional and significant factor was the appointment of an administrator for the 
project builder in the early stages of constrnction. The principal contractor obviously plays a vital role in driving 
a project and coordinating the input of sub-contractors such as the hypocaust supplier. In the difficult and 
complex situation created by the failore of the project builder, there would be limitations on the ability of a sub-
contractor to influence project outcomes. 
COMMISSIONING 
Commissiouing is an established procedore in new building construction. But when innovative technologies are 
used, there is a danger that unfamiliarity will lead to imperfect solutions and short cuts in order to 'sign off' the 
building. 'The uneveu air flow distributiou discovered in one group of offices below the hypocaust provides an 
example of this problem. Each concrete panel has three 100 mm diameter supply outlet holes through which air 
is forced into the room below (see Figrue 2). Since the cores in the concrete are a constant diameter and the 
supply outlet holes are large in comparison to the size of the cores, uneven air distribution is inherent because of 
'pressore 1'egain'. This became evident to the mechanical services contractor at commissiouing and their solution 
was to insert small baffles in some of the outlet supply holes to add resistance and hopefully balance the air 
distribntion. However, the solution was a make-shift one and measored flows in one area indicated that there was 
a large difference in air flows across the 15 outlet supply holes, ranging from zero at two of the outlets to 250% 
of the average at another. 
ON-GOING MONITORING 
Mouitoring and evaluation of the thermal performance of the low energy buildings is essential. This should allow 
performance to be verified, problems identified and fIxed and the impact of any new technologies studied. 
Fortunately, modem buildings ahuost always include a building management system (BMS), which mouitors 
and controls the conditiouing equipment in response to internal and external enviromnental variables. While the 
installation and commissiouing of the BMS is carned ont by a specialist contractor, it is usually not clear whose 
job it is to analyse the massive amounts of data recorded daily, Unless there is a specifIc on-going contract with 
another specialist· contractor e.g. an energy audit company, then 'in-house' staff must be allocated and trained to 
do this work. If".this is not done explicitly, there is a real possibility that the tedious task of on-going data 
evaluation will 'fall through the cracks'. 
In the case of the hypocaust, precisely this appears to have happened and as a result the malfunctiouing of one of 
the key modes in the operation of the hypocaust went unnoticed for nearly six months. It only came to light as a 
result of some independent research work on the system that had not been originally scheduled. This example 
bears out the point made by Balcomb (1999) that "failores in building systems often go undetected for years, 
resulting in inefficient performance". 
BUILDING USE 
The low energy buildings of the new era will require a more informed, adaptable and cooperative user. The most 
significant reductious in energy consmnption will be achieved by relaxing the conditiouing requirements from 
the previous (ahuost) steady-state conditions possible with conventional mechanical systems. In Building T, for 
example, an early design decision was made that the temperature in the building be allowed to drift between a 
minimum of 18'C and a maximum of 28'C. Compared to a constant 24'C, this change in conditiouing 
philosophy was predicted to reduce the heating and cooling energy requirements by 85% and 50% respectively 
(Fuller and Luther 2002). 
For this strategy to be successful means that the users must be more proactive to achieve personal thermal 
comfort levels. The users in Building T are therefore encooraged to open and close windows, raise and lower 
blinds, and tum ceiling fans on and off. With respect to window opeuing, they need to become informed of the 
conditions when this strategy is effective. For fresh air and natural ventilation, this is recommended if the outside 
air temperature is below 26'C and blue lights in the atrium inform the building occupants whether to open or 
close their windows. However, some staff still do not know about this system. 
For the users to willingly become involved in 'conditiouing' the building and adapt to a more varied internal 
environment means that they must become knowledgeable and supportive of the different design philosophy 
behind their building. Most Australians are concerned about the decline in the quality of their enviromnent and 
can be convinced to take small personal actions like recycling office paper. Now we must convince the new 
generation of office dwellers to become involved, knowledgeable and snpportive of redncing energy use and 
greenhouse gas emissions at their workplace. However, the corrent perceptions of users of what may be involved 
to work in a low energy building and their willingoess to adapt will vary considerably. It has already been noted 
above that some staff could not be convinced to give up the idea of a totally enclosed office. 
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-Getting and keeping the users 'on-side', informing them about their building and any changes, achievements and 
problems is an on-going process, but one that is essential if significant numbers of resenlful and unhappy staff 
are to be avoided. Unfortunately, both the authors of this paper have experienced varied levels of this, indicating 
that work in this area is still needed. 
In a university setting, there is an additional complexity in transferring and reinforcing a "message" to users. 
While a "buildings and grounds" department may have overall responsibility for campus infrastructme, the day-
to-day behaviour of staff and students in a building is largely the responsibility of the particular faculty and its 
administration. Support at this level is also vital to affect and sustain behavioural change. 
CONCLUSION AND AFTERWORD 
In the perfect werld, all the 'players' who have been involved with the hypocaust would clearly have performed a 
little better. £lut the world is not perfect and the pressures of workload, budgets and timelines are enough to 
make even a conventional construction proj ect challenging, let alone one that has innovative and unfamiliar 
features. i" 
Although there have been some technical shortcomings in the hypocaust 'hardware', it is deficiencies in the 
'software', particularly the lack of communication between the various 'players', that has been the main cause of 
the problems described. Despite its apparent simplicity, the hypocaust is a central element in the conditioning 
system used in this bullding. However, in Australia, there is currently little or no experience in installing and 
using a hypocaust. These facts should have been acknowledged and more attention given to the hypocaust at 
relevant stages in the project. A more cooperative approach, driven by the client or their representative, between 
the parties involved would have avoided many of the difficulties. 
Despite the problems described above, it should be noted that the hypocaust has been 'forgiving'. Over summer, 
when outside temperatmes were in the high 30s, air temperatmes in a suite of rooms monitored on the North side 
of the building were 2-3 degrees below the design target - even when one of the chillers broke down for an 
extended period of several days. 'This fact bodes well for !lie futme. It is believed that steps can be taken to 
rectify earlier shortcomings and that an even better performance from the hypocaust can be expected. 
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